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Brian J. Long, Danijela Jelovac, Venkatesh Handratta, 
Apinya Thiantanawat, Nicol MacPherson, Joseph 

Ragaz, Olga G. Goloubeva, Angela M. Brodie

Journal of the National Cancer Institute 2004 96(6):456-465 



Long, B. J. et al. J. Natl. Cancer Inst. 2004 96:456-465

Effects of letrozole and tamoxifen) on the growth of MCF-7Ca breast tumor 
xenografts in female ovariectomized athymic nude mice
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32.9%

5.6%

N=328

Anastrozole

4.9%Complete 
Response

32.6%Overall 
Response rate 
(CR + PR)

N=328Total 

Tamoxifen

Bonneterre et al.  J Clin Oncol 2000



Disease-Free SurvivalDisease-Free Survival

HR = hazard ratio; CI = confidence interval.
Thurlimann et al. J Clin Oncol. 2005;23(16S):6s. Abstract 511.
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Jin Y et al:  J Natl Cancer Inst 97:30, 2005
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Postmenopausal 
women

Early stage 

ER+ breast cancer 5 years tamoxifen +
1 year fluoxymesterone

(n=285)

5 years of tamoxifen
(n=256)

Ingle et al. Breast Cancer Res Treat. 2006; 98:217-222.



CYP2D6*4 GenotypingCYP2D6*4 Genotyping

• Tamoxifen monotherapy arm (256 
patients)

Formalin-fixed paraffin-embedded 
tumor blocks (223 patients)

• CYP2D6*4 (n=190)

Wt/Wt – 137 (72%)

Wt/*4 – 40 (21%)

*4/*4 – 13 (7%)
CP1229323-6

Goetz, Rae J Clin Oncol 23:9312, 2005



MethodsMethods

• 225 Charts were reviewed at each 
randomizing site to ascertain medication 
history

Potent CYP2D6 inhibitors: Fluoxetine 
and paroxetine
Weak CYP2D6 inhibitors: Sertraline, 
cimetidine, amiodarone, doxepin, 
ticlopidine, or haloperidol
Duration of coadministration: <1, 1-2, 2-
3, 3-4 and 4-5 years

• Statistics:  Log rank test and Cox 
modeling CP1229323-10



Metabolizer Status According to   
CYP2D6 Genotype and Enzyme Inhibition

Metabolizer Status According to   
CYP2D6 Genotype and Enzyme Inhibition

• Extensive metabolizers: (n=115, 67%)
Wt/Wt and no inhibitor

• Intermediate metabolizers: (n=40, 23%)
Wt/*4 and no inhibitor (n=32)
Wt/Wt and weak inhibitor (n=8)

• Poor metabolizers: (n=16, 9%)
*4/*4 (n=13)
Wt/Wt and potent inhibitor (n=1)
Wt/*4 and potent inhibitor (n=1)
Unknown genotype and potent inhibitor (n=1)

• Extensive metabolizers: (n=115, 67%)
Wt/Wt and no inhibitor

• Intermediate metabolizers: (n=40, 23%)
Wt/*4 and no inhibitor (n=32)
Wt/Wt and weak inhibitor (n=8)

• Poor metabolizers: (n=16, 9%)
*4/*4 (n=13)
Wt/Wt and potent inhibitor (n=1)
Wt/*4 and potent inhibitor (n=1)
Unknown genotype and potent inhibitor (n=1)



Relapse-Free Survival* According to CYP2D6 Metabolizer
Status in Women Receiving Tamoxifen Adjuvant Therapy
Relapse-Free Survival* According to CYP2D6 Metabolizer
Status in Women Receiving Tamoxifen Adjuvant Therapy

0

20

40

60

80

100

0 2 4 6 8 10 12

*Breast cancer recurrence or death*Breast cancer recurrence or death

%

Years after randomization

2-year RFS
EM 98%
IM 92%
PM 68%

EM (n=115)EM (n=115)
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PM (n=16)PM (n=16)Log rank
P=0.009

Goetz et al J Clin Oncol. 2005;23(36):9312-8.
Goetz M et al. Breast Cancer Res Treat 101:113-121, 2007
Goetz et al J Clin Oncol. 2005;23(36):9312-8.
Goetz M et al. Breast Cancer Res Treat 101:113-121, 2007 CP1230355-23

E: Extensive, I: Intermediate, 
P: Poor, M: Metabolizer
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• Adjuvant:
• 10-fold higher risk for recurrence in 
patients with the CYP2D6 *10/*10
genotype compared with CYP2D6 *1/*1

• Metastatic:
• Time to progression shorter in those 
carrying CYP2D6*10/*10 than for others 
(5.0 v 21.8 months, P = .0032) 

• Adjuvant:
• 10-fold higher risk for recurrence in 
patients with the CYP2D6 *10/*10
genotype compared with CYP2D6 *1/*1

• Metastatic:
• Time to progression shorter in those 
carrying CYP2D6*10/*10 than for others 
(5.0 v 21.8 months, P = .0032) 

1) Kiyotani et al.  Canc Sci 2008

2) Lim et al.   J Clin Oncol 2007
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Incidence of Moderate or Severe Hot 
Flashes

Incidence of Moderate or Severe Hot 
Flashes

20%*CYP2D6 *4/WT or Wt/WT

0%*CYP2D6 *4/*4 (PM)

% of patients who developed 
moderate or severe hot 

flashes

Genotype

Goetz et al J Clin Oncol. 2005;23(36):9312-8. 



Tamoxifen, hot flashes and recurrence in 
breast cancer: Hot flashes predict favorable 

outcome
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breast cancer: Hot flashes predict favorable 

outcome

Joanne E. Mortimer, Shirley W. Flatt, Barbara A. 
Parker, Ellen Gold, 

Linda Wasserman, Loki Natarajan, 
and John P. Pierce

for the WHEL Study Group 
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• Those reporting hot flushes had 
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0.85, P<0.001) 

• Effect seen in both treatment arms 
(anastrozole: HR=0.66, 95% CI 0.53-0.83, 
P<0.001; and tamoxifen: HR=0.77, 95% CI 
0.64-0.93, P=0.006). 
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• Those reporting hot flushes had 
significantly lower recurrence rates than 
those who did not (HR 0.74, 95% CI 0.64-
0.85, P<0.001) 

• Effect seen in both treatment arms 
(anastrozole: HR=0.66, 95% CI 0.53-0.83, 
P<0.001; and tamoxifen: HR=0.77, 95% CI 
0.64-0.93, P=0.006). 
Cuzick, J  SABC 2007
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CYP2D6 Poor Metabolizers are Most 
Likely to Adhere to Tamoxifen

Score Phenotype #
Stayed on 

N (%)
Dropped out 

N (%)
0 PM 10 10 (100) 0 (0)

0.5 IM 15 14 (93.3) 1 (6.7)
1 IM 72 65 (90.3) 7 (9.2)

1.5 EM 50 43 (86) 7 (14)
2 EM/UM 120 107 (89.2) 13 (10.8)

Total 267 240 (89.9) 28 (10.5)

Rae, JM  SABC 2007
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• What happens when researchers are “naïve” 
to drug compliance during tumor biomarker 
discovery or validation in the setting of an 
orally administered therapy
§ you “discover” a prognostic  factor associated 
with tumor biology NOT a predictive factor 
associated with response to the oral therapy

1)  Baron et al.  Cancer 2007

2)  Partridge et al.  J Clin Oncol 2007
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Effects of letrozole and tamoxifen) on the growth of MCF-7Ca breast tumor 
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• Tamoxifen metabolism in Mice:
§ At 50-100 ug/day1,2, no serum or tissue 
tamoxifen, 4-OH or N-desmethyl
(endoxifen) metabolites 
§ 2,000 ug/day—tissue concentrations of 
tam adequate but no endoxifen

• Mice do not carry functional CYP2D6 genes 
and thus serve as a natural knockout for 
CYP2D6.

• Tamoxifen metabolism in Mice:
§ At 50-100 ug/day1,2, no serum or tissue 
tamoxifen, 4-OH or N-desmethyl
(endoxifen) metabolites 
§ 2,000 ug/day—tissue concentrations of 
tam adequate but no endoxifen

• Mice do not carry functional CYP2D6 genes 
and thus serve as a natural knockout for 
CYP2D6.

1) Robinson SP, Jordan VC: Drug Metab Dispos 19:36-43, 1991

2) Kisanga ER, Lien E: J Steroid Biochem Mol Biol 84:361-7, 2003
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